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Adherens junctions are sites of contact between epithe-
lial cells in which adhesion is mediated by homophilic
interactions of classical cadherins that are linked to
the cytoskeleton via catenins. E-cadherin constitutes
the major adhesion molecule in adherens junctions
of keratinocytes (KC) and mediates the binding of
Langerhans cells to KC in vitro. To characterize struc-
tures responsible for E-cadherin-mediated binding of
Langerhans cells, we utilized Langerhans cells-like fetal
skin-derived dendritic cells (FSDDC) capable of E-
cadherin-mediated adhesion. Confocal microscopy of
FSDDC aggregates demonstrated colocalization of E-
cadherin and catenins to areas of cell–cell contact.
Immunopreciptiation confirmed a physical association
of E-cadherin with intracellular catenins (a-, b-, g-
catenin/plakoglobin and p120CAS). Transmission elec-
tron microscopy of FSDDC aggregates revealed struc-
tures with features of adherens junctions in areas of
cell–cell contact, and post-embedding immunoelec-
tron microscopy localized b-catenin to these regions.
Langerhans cells are members of the dendritic cell (DC)lineage that localize in stratified squamous epithelia,where they form a network of antigen-presenting cells.After antigen exposure, Langerhans cells display charac-teristic shape changes, enhanced surface expression of
major histocompatibility complex (MHC) class II and costimulatory
molecules, and increased antigen-presenting cells activity (Aiba and
Katz, 1990; Enk et al, 1993). Activated Langerhans cells subsequently
leave the epidermis and migrate via afferent lymphatics to regional
lymph nodes, where they localize in T cell areas as interdigitating
DC, uniquely able to activate naı¨ve T cells to mount immune
responses to antigen encountered in the epidermis (Macatonia et al,
1987; Kripke et al, 1990).
We have previously demonstrated that Langerhans cells express
high levels of E-cadherin (Blauvelt et al, 1995; Tang et al, 1993)
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To characterize junctions that accounted for the adhe-
sion of Langerhans cells-like dendritic cells and KC,
disaggregated FSDDC were cocultured with primary
murine KC. Transmission electron microscopy analysis
of cocultures demonstrated FSDDC-KC contacts that
were analogous to those seen in FSDDC aggregates.
Confocal microscopy demonstrated focal accumula-
tions of E-cadherin and colocalization of b-catenin in
areas of contact between KC and immature (Langer-
hans cell-like) dendritic cells, but not in areas of
contact between KC and mature (lymph node dendritic
cell-like) dendritic cells. E-cadherin in Langerhans
cells appears to be localized in structures that resemble
adherens junctions formed by nonpolarized epithelial
cells. Loss of ability to form or maintain these struc-
tures after the induction of Langerhans cells activation/
maturation likely results in the attenuation of Langer-
hans cells–KC adhesion that preceeds Langerhans cells
emigration from the epidermis. Key words: adhesion/
dendritic cell maturation/Langerhans cells. J Invest Dermatol
112:102–108, 1999
and that E-cadherin mediates binding of Langerhans cells to
keratinocytes (KC) in vitro (Tang et al, 1993). We hypothesize that
E-cadherin also plays an important role in Langerhans cells–KC
adhesion and Langerhans cells localization in epidermis in vivo. The
results of several series of experiments support this concept. First,
among DC, E-cadherin is expressed only by Langerhans cells and
a subpopulation of skin draining lymph node DC that may be
derived from Langerhans cells (Borkowski et al, 1994). Second, the
introduction of contact allergens or proinflammatory cytokines that
mobilize Langerhans cells from skin induced an µ80% decrease in
E-cadherin expression by a substantial subset (µ40%) of activated
Langerhans cells in situ, resulting in E-cadherin levels similar to
those expressed by Langerhans cells that migrated from skin explants
(Schwarzenberger and Udey, 1996). Although these data imply that
E-cadherin-mediated Langerhans cells–KC adhesion may decrease
as a consequence of Langerhans cell activation and reduced E-
cadherin expression, direct evidence in support of this concept was
lacking. To further address this question we recently defined culture
conditions that allow Langerhans cells-like DC to be expanded
from murine fetal skin (fetal skin-derived dendritic cells, FSDDC)
and determined that FSDDC utilize E-cadherin for homotypic and
heterotypic adhesion (Jakob et al, 1997). Microbial products and
inflammatory mediators that mobilize Langerhans cells from epi-
dermis in vivo also activated FSDDC and induced a time- and dose-
dependent reduction in E-cadherin mRNA, followed by reduction
in E-cadherin surface expression and loss of E-cadherin-mediated
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adhesion (Jakob et al, 1998; Jakob and Udey, 1998), demonstrating
that E-cadherin-mediated adhesion in Langerhans cells-like DC is
attenuated as a consequence of DC activation and maturation.
E-cadherin belongs to a family of structurally and functionally
related cell surface glycoproteins that mediate Ca11-dependent
homophilic cell–cell adhesion and play major roles during morpho-
genesis and in maintaining tissue integrity (Takeichi, 1990). Classical
cadherins (E-, P-, and N-cadherin) are homologous transmembrane
glycoproteins with distinct conserved domains involved in homo-
philic adhesion and binding of intracellular proteins. The N-
terminal ectodomain mediates homophilic adhesion and the cyto-
plasmic domain associates with intracellular proteins [α-, β-, and
γ-catenin (now known to be identical to plakoglobin)] that link
cadherin molecules to actin filaments of the cytoskeleton (Takeichi,
1990; Cowin and Burke, 1996). Catenin–mediated association of
cadherins with the cytoskeleton is thought to be crucial for stable
cadherin-mediated adhesion (Takeichi, 1990). Adhesive strength
may also be enhanced by clustering of cadherin molecules in the
cell membrane (Yap et al, 1997), a process that appears to depend
on homophilic interaction of the cadherin ectodomains (Tomschy
et al, 1996; Yap et al, 1997) and the presence of a juxtamembrane
region of the cadherin cytoplasmic domain (Yap et al, 1998). p120,
a novel catenin (Reynolds et al, 1994; Shibamoto et al, 1995), binds
selectively to the juxtamembrane cytoplasmic domain and may be
involved in this lateral clustering (Yap et al, 1998). Lateral clustering
of classical cadherin molecules is thought to convert the weak
intrinsic binding activity of single cadherin molecules into multiva-
lent high avidity binding by recruiting cadherin molecules into
structures that mediate cell–cell adhesion in epithelia (adherens
junctions).
In epidermis, E-cadherin constitutes a major component of KC
adherens junctions (Kaiser et al, 1993; Haftek et al, 1996). Because
E-cadherin is expressed by Langerhans cells and mediates the
binding of Langerhans cells to KC in vitro, we hypothesized that
Langerhans cells might form adherens junctions with KC. In this
study, we utilized Langerhans cells-like FSDDC that display E-
cadherin mediated adhesion (Jakob et al, 1997) to characterize
the composition and structure of E-cadherin-containing junctions
formed by these unique leukocytes.
MATERIALS AND METHODS
Cell culture
Propagation of Langerhans cells-like FSDDC FSDDC were isolated as
aggregates (FSDDC-A) from GM-CSF- and CSF-1-supplemented primary
cultures of day 16 C57BL/6 murine fetal skin as previously described
(Jakob et al, 1997). When necessary, FSDDC-A were dissociated with
trypsin in ethylenediamine tetraacetic acid (EDTA) (0.01% trypsin in
calcium- and magnesium-free Hanks’ balanced salt solution containing
1 mM EDTA for 30 min at 37°C) to allow enumeration of cells. For
confocal microscopy, FSDDC-A were seeded onto acid-washed sterile
glass cover slips (Fisher Scientific, Pittsburgh, PA) in 24 well tissue culture
plates at 3 3 105 cells per well and allowed to adhere in DC media (Jakob
et al, 1997) for 4 h at 37°C.
Keratinocyte culture Primary KC were generated from C57BL/6 newborn
skin as described (Yuspa, 1985). In brief, epidermal single cell suspensions
were obtained by limited trypsinization (0.25% for 15 h at 4°C), seeded
onto glass cover slips (Fisher Scientific, Pittsburgh, PA) in 24 well plates,
and allowed to adhere for 4 h at 37°C in low calcium (0.05 mM) KC
media [EMEM (Biowhittaker, Walkersville, MD), 8% chelated fetal bovine
serum (Yuspa, 1985), 1% antibiotic-antimycotic (Life Technologies, Grand
Island, NY)]. Adherent cells were cultured in low calcium KC media for
2–4 d until µ90% confluence was reached.
FSDDC/keratinocyte cocultures FSDDC-A were dissociated into single cells
(30 min at 37°C) in Ca11- and Mg11-free Hanks’ balanced salt solution
containing 1 mM EDTA and 10% chelated fetal bovine serum. Dissociated
FSDDC were pelleted and resuspended in DC media (1 mM Ca11) (Jakob
et al, 1997) at 4°C to prevent reaggregation. FSDDC were seeded (3 3 105
per ml) onto KC monolayers and cocultured in DC media at 37°C. After
18 h, nonadherent cells were washed off and adherent cells fixed for
confocal microscopy or transmission electron microscopy analysis.
Antibodies Anti-I-Ab (Y3P, mouse IgG2a)- and anti-I-Ad (MKD6,
mouse IgG2a)-producing hybridomas were obtained from ATCC (Rock-
ville, MD). Anti-E-cadherin-producing hybridoma (ECCD-2, rat IgG2a)
was provided by Dr. Masatoshi Takeichi (Kyoto University, Kyoto, Japan).
Anti-α-catenin-,-β-catenin,-γ-catenin/plakoglobin, -p120CAS, and -E-
cadherin monoclonal antibody (MoAb) were purchased from Transduction
Laboratories (Lexington, KY), and isotype controls were obtained from
Pharmingen (San Diego, CA). Rat MoAb were purified from hybridoma
supernatants using immobilized protein G (Pierce, Rockford, IL). Mouse
MoAb were purified from supernatants using immobilized protein A
(Pierce). Horseradish peroxidase-conjugated, affinity-isolated goat anti-rat
Ig or goat-anti-mouse Ig and FITC-conjugated, affinity-isolated, mouse
serum absorbed, goat F(ab)2 anti-rat Ig were purchased from Biosource
(Camarillo, CA) and Cy5-conjugated, affinity-isolated goat F(ab)2 anti-
mouse Ig was obtained from Jackson Immunoresearch Laboratories (West
Grove, PA).
Cell extraction, immunoprecipitation, and immunoblotting
Cell lysis FSDDC-A were solubilized for 60 min at 4°C in lysing buffer
(107 cells per ml) containing 20 mM Tris HCl (pH 6.8), 0.5% Triton X-
100, 50 mM NaCl, 3 mM MgCl2, 300 mM sucrose, 0.2 mM Na vanadate,
2.5 µM p-nitrophenyl-p-guanidinobenzoate (Sigma), and Complete pro-
tease inhibitor cocktail (Boehringer, Indianapolis, IN). Particulates were
sedimented (15,0003g for 15 min at 4°C) and triton-soluble supernatants
were utilized for immunoprecipitation. The triton-insoluble pellet was
washed twice in lysis buffer, triturated in sodium dodecyl sulfate (SDS)-
buffer [15 mM Tris HCl, pH 7.4; 1% SDS; 5 mM EDTA; 2.5 mM
ethyleneglycol-bis(β-aminoethyl ether)-N,N,N9,N9-tetraacetic acid], in-
cubated at 100°C for 30 min, diluted in lysis buffer, and stored at –80°C.
Immunoprecipitation Protein G-sepharose (Pharmacia LKB Biotechnology,
Alameda, CA) was preincubated with anti-E-cadherin MoAb (Transduction
Laboratories, Lexington, KY) or mouse IgG2a (Pharmingen, San Diego,
CA) at 0.1 µg MoAb per µl slurry for 1 h at 4°C. Triton X-100 lysates
were divided into aliquots, added to antibody-coated sepharose beads, and
incubated for 90 min at 4°C in a rotator. Sepharose beads were resuspended
in SDS sample buffer (Novex, San Diego, CA)/dithiothreitol (15 mg per
ml; Sigma), incubated for 5 min at 95°C, and removed by sedimentation.
Supernatant protein samples were stored at –80°C.
Gel electrophoresis and immunoblotting Proteins were resolved in SDS-
8% polyacrylamide gels (Novex) and electrophoretically transferred to
polyvinylidene fluoride membranes (Immoblin P, Millipore, Bedford, MA).
Membranes were blocked for 1 h at room temperature [Blocking buffer:
20 mM Tris HCl (pH 8.0), 150 mM NaCl, 0.5% Tween 20, 0.1% bovine
serum albumin (BSA), 2% normal goat serum (Jackson Immunoresearch
Laboratories), 1% fish gelatin (Amersham)], and incubated overnight at
4°C with primary antibodies (ECCD-2, 1 µg per ml; β-catenin, 50 ng per
ml; γ-catenin/plakoglobin, 125 ng per ml; α-catenin, 250 ng per ml;
p120CAS, 250 ng per ml) in Tris-buffered saline containing 0.1% BSA and
0.5% Tween 20. Blots were washed repeatedly in Tris-buffered saline/1%
Tween 20 and incubated for 1 h at room temperature with horseradish
peroxidase-conjugated, affinity-isolated goat anti-rat Ig or goat-anti-mouse
Ig (100 ng per ml, Biosource, Camarillo, CA) in blocking buffer. Peroxidase
activity was detected using enhanced chemiluminescence (Pierce).
Confocal laser scanning microscopy FSDDC-A or FSDDC/KC
cocultures were fixed in 3% paraformaldehyde, pH 7.4, for 15 min at 37°C,
washed in phosphate-buffered saline (PBS)/1% BSA and permeablized with
PBS/0.1% Triton X-100 for 5 min at room temperature. After repeated
washing in PBS/1% BSA, cells on coverslips were stained sequentially with
mouse MoAb, Cy5-conjugated goat F(ab)2 anti-mouse Ig, blocked with
PBS/20% mouse serum, and stained with rat MoAb followed by FITC-
conjugated goat F(ab)2 anti-rat Ig. When required, samples were additionally
stained with rhodamine-conjugated phalloidin (100 nM; Molecular Probes,
Eugene, Oregon). After repeated washing in PBS/1% BSA, coverslips were
air dried, and mounted on glass slides using ProLong (Molecular Probes).
Fluorescent samples were examined with a Zeiss LSM 410 Laser Scanning
Confocal microscope (Carl Zeiss; Thornwood, NY) using a 633, 1.4
numerical aperture, Planapochromat objective. FITC and rhodmine were
excited using the 488 nm and 568 nm lines of a krypton/argon laser,
respectively. Cy5 fluorescence was excited using a 633 nm HeNe laser.
Fluorescent emission was selected using 515–540 nm BP (FITC), 590 nm
LP (rhodamine), and 670–810 nm LP (Cy5) emission filters. For all dual-
and triple-labeled samples, separation of emissions of different fluorophores
was verified by sequential excitation as well as by comparison with single
labeled controls. PMT brightness and contrast settings were adjusted to
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Figure 1. E-cadherin and catenins in FSDDC aggregates. (A)
Coprecipitation of E-cadherin and catenins. Soluble fractions of triton
lysates of FSDDC-A were immunoprecipitated under nondenaturing
conditions using anti-E-cadherin MoAb (lanes 2, 4, 6, 8, 10) or contol
MoAb (lanes 1, 3, 5, 7, 9). Precipitates were separated on denaturing gels
under reducing conditions, transferred, and blotted with MoAb directed
against E-cadherin (lanes 1, 2), β-catenin (lanes 3, 4), γ-catenin/plakoglobin
(lanes 5, 6), p120CAS (lanes 7, 8), and α-catenin (lanes 9, 10), and visualized
using enhanced chemiluminescence (see Materials and Methods). (B) E-
cadherin and β-catenin associated with the cytoskeleton. Triton-insoluble
fractions of FSDDC-A lysates were solubilized in SDS buffer, separated,
transferred, and blotted with anti-E-cadherin (lane 1) and anti-β-catenin
(lane 2) MoAb.
maximize dynamic range and prevent saturation while viewing different
fields within and between samples. The settings selected for acquisition of
digital images of positive samples did not allow visualization of isotype
control MoAb-stained sections in any experiment. Single x–y planes were
acquired as µ0.75 µm optical sections, focused at the interface between
FSDDC and KC. Serial Z-sections through FSDDC aggregates were
acquired at 0.3 µm intervals, and vertical sections were computer generated
using Zeiss LSM 410 software.
Electron microscopy
Transmission electron microscopy FSDDC-A and FSDDC/KC cocultures
were harvested, sedimented, and fixed as a pellet in 2.5% glutaraldehyde,
pH 7.4, for 2 h at 4°C. After post-fixation in 1% osmium tetroxide,
samples were stained with 2% uranyl acetate, dehydrated, and embedded
in Spurr’s plastic resin. Ultrathin sections were post-stained with Reynold’s
Lead Citrate and examined in a Hitachi HU-12 A transmission electron
microscope.
Post-embedding immunoelectron microscopy FSDDC-A were havested and
fixed in 2% paraformaldehyde in 0.13 M sodium phophate buffer, pH 7.4,
for 10 min at room temperature, dehydrated, and embedded in LR
White plastic resin. Ultrathin sections were incubated with PBS/1% BSA,
sequentially stained with anti-β-catenin or isotype control (25 µg per ml
in PBS/0.1% BSA) and goat anti-mouse Ig 10 nm colloidal gold (Amersham
Life Science, Arlington Heights, IL). Samples were post-stained with 2%
uranyl acetate and Reynold’s Lead Citrate and examined in a Hitachi HU-
12 A transmission electron microscope.
RESULTS
E-cadherin-associated catenins in FSDDC aggregates
Previous studies demonstrated that adhesion within FSDDC aggreg-
ates (FSDDC-A) is mediated by E-cadherin (Jakob et al, 1997). In
epithelial cells, cadherins such as E-cadherin are associated with
cytoplasmic proteins that mediate the physical attachment of
cadherins to actin filaments of the cytoskeleton required for
stable cadherin-mediated adhesion. In initial experiments regarding
leukocyte cadherin-associated proteins, we performed western blot
analysis of triton-soluble FSDDC-A proteins with MoAb directed
against the individual components of cadherin/catenin complexes
and detected α-, β-, γ-catenin/plakoglobin and p120CAS (data not
shown). To determine whether catenins detected in FSDDC were
physically associated with E-cadherin, we performed immunopre-
cipitation studies followed by western blot analysis. Immunoprecipi-
tation of triton soluble proteins with anti-E-cadherin MoAb
specifically precipitated E-cadherin (Fig 1A, lane 2) and each of
the catenins present in FSDDC (α-, β-, γ-catenin/plakoglobin,
and several isoforms of p120CAS) (Fig 1A, lanes 4, 6, 8, and 10).
Although most of the FSDDC cadherin/catenin complexes were
triton soluble (data not shown), a proportion were triton insoluble
and likely to be cytoskeleton associated (Fig 2B).
To characterize the subcellular localization of E-cadherin and
catenins, we performed laser scanning confocal microscopy of
FSDDC-A. Horizontal and vertical sections through dome-shaped
FSDDC-A attached to glass cover slips demonstrated that E-
cadherin (Fig 2A, B) as well as β- (Fig 2A) and γ-catenin/
plakoglobin (Fig 2B) preferentially localized to areas of cell–cell
contact. Borders of cells at the edges of aggregates that did not
contact membranes of neighboring cells showed faint or absent
staining. The colocalization of both β-catenin and γ-catenin/
plakoglobin with E-cadherin at sites of cell–cell contact suggests
that cadherin/catenin complexes participate in homotypic adhesion
between FSDDC.
Ultrastructure of junctions in FSDDC aggregates Because
E-cadherin constitutes a major adhesion molecule in adherens
junctions of epithelial cells, we hypothesized that similar structures
might exist in FSDDC-A. Transmission electron microscopy dem-
onstrated that cells within the aggregates were closely approximated
in places (Fig 3A). Closer examination of these areas of cell–cell
contact revealed discrete intracellular plaques of increased electron
density and associated electron dense material in the intercellular
space (Fig 3B–E). Selected fields (Fig 3E) revealed junctions with
fibrillar material abutting the cytoplasmic faces of dense plaques
that were present in areas of membrane approximation. Although
these structures are less distinct than classical adherens junctions
that were initially described in polarized epithelia, they resemble
adherens junctions described in KC in skin and in culture (Green
et al, 1987; O’Keefe et al, 1987; Kaiser et al, 1993). Post-embedding
immunogold labeling localized anti-β-catenin MoAb specifically
and preferentially to these junctions (Fig 4). In the context of
intercellular adhesion, β-catenin is known to associate with classical
cadherins but not with desmosomal cadherins (desmocollins, desmo-
gleins) lacking the β-catenin binding domain (Cowin and Burke,
1996), suggesting that the structures that we identified in FSDDC
are functionally as well as structurally related to adherens junctions.
Junctions formed between FSDDC and keratinocytes
in vitro To determine if Langerhans cells-like FSDDC adhere to
KC and to each other via similar structures, FSDDC-A were
dissociated into single cells by EDTA treatment (which abrogates
calcium-dependent cadherin binding but leaves cadherin molecules
intact) and were seeded onto monolayers of primary KC that were
grown in low calcium media. At the time of DC addition, low
calcium KC media was replaced with high calcium media (1 mM
calcium) known to induce the formation of KC adherens junctions
(Green et al, 1987; O’Keefe et al, 1987). After 18 h, FSDDC-KC
cocultures were fixed and processed for confocal microscopy.
FSDDC were identified by MHC class II staining that demon-
strated that the majority of FSDDC displayed the phenotype of
immature DC characterized by low surface membrane and high
intracellular vesicular MHC class II staining (Cella et al, 1997;
Pierre et al, 1997) (Fig 2C). E-cadherin staining showed linear
accumulations of E-cadherin in areas of KC–KC contact as expected
(Fig 2C). In addition, multiple focal accumulations of E-cadherin
were detected in areas of contact between immature FSDDC and
KC (Fig 2C). In contrast, areas of contact between KC and mature
FSDDC (characterized by low intracellular and high cell surface
MHC class II; see arrowheads in Fig 2C, E), rarely displayed sites
of E-cadherin accumulation (Fig 2C, E). Triple staining for E-
cadherin, MHC class II, and F-actin clearly delineated FSDDC
processes and revealed that focal E-cadherin accumulations of
immature FSDDC were located at the end of actin-containing
spikes (Fig 2D). Actin also colocalized with MHC class II in
intracellular vesicles of FSDDC (Fig 2D). Double staining for E-
cadherin and β-catenin demonstrated colocalization of these pro-
teins as focal accumulations in areas of contact between FSDDC
and KC (Fig 2F). Transmission electron microscopy revealed
junctional structures (Fig 5) analogous to those observed in FSDDC
aggregates (Fig 3).
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Figure 2. Confocal micrographs of FSDDC aggregates (A, B) and FSDDC/KC cocultures (C–F). (A, B) Horizontal (x–y plane; top) and
vertical (x–z plane; bottom) sections through dome-shaped FSDDC aggregates demonstrate colocalization (yellow) of E-cadherin and catenins in areas of
cell–cell contact. FSDDC aggregates were seeded on glass cover slips and allowed to adhere for 4 h at 37°C. After PFA fixation and permeabilization,
cell aggregates were stained for E-cadherin (green) and β-catenin (red) (A) or E-cadherin (green) and γ-catenin/plakoglobin (red) (B). (C–F) Focal
accumulations of E-cadherin in areas of contact between FSDDC and KC. FSDDC aggregates were dissociated into single cells and seeded onto
monolayers of primary KC (see Materials and Methods). After 18 h, cocultures were washed, fixed, permeabilized, and stained for E-cadherin (green) and
MHC class II (red) (C, E); E-cadherin (green), F-actin (red), and MHC class II (blue) (D); or E-cadherin (green) and β-catenin (red) (F). Colocalization
of MHC class II and F-actin is displayed in pink (D), and colocalization of E-cadherin and β-catenin in yellow (F). Arrowheads designate mature DC (see
text for explanation of nomenclature). Scale bars: (A, B) 15 µm; (C, D) 20 µm; (E) 15 µm; (F) 10 µm.
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Figure 3. Ultrastructure of junctions in
FSDDC. FSDDC aggregates were
harvested, fixed, and embedded for electron
microscopy. (A) Field showing cells within
FSDDC aggregates and areas of close
membrane apposition (box B, C, D) (scale
bar: 1 µm). (B–E) Enlargements showing
characteristic appearance of representative
junctions (scale bar: 0.1 µm). Part (E) includes
a junction identified in the same sample, but
a different section from that depicted in (A).
DISCUSSION
Langerhans cells are bone marrow-derived DC that localize in
epithelia of skin and mucous membranes. Even though the kinetics
of Langerhans cells trafficking through the epidermis are unknown,
there is ample evidence that Langerhans cells reside in the epidermis
for prolonged periods (reviewed in Breathnach, 1991). The demon-
stration that Langerhans cells express high levels of E-cadherin
(Tang et al, 1993; Blauvelt et al, 1995) and that E-cadherin mediates
Langerhans cells binding to KC in vitro (Tang et al, 1993), suggested
that this adhesion molecule might promote Langerhans cells reten-
tion in epidermis. To gain further insight into the cadherin biology
of Langerhans cells, we made use of FSDDC that closely model
several aspects of Langerhans cells biology and exhibit E-cadherin-
mediated adhesion (Jakob et al, 1997; Jakob and Udey, 1998).
Among murine leukocytes, E-cadherin is expressed by Langer-
hans cells (Tang et al, 1993), immature thymocytes (Lee et al,
1994a), and dendritic epidermal T cells (Lee et al, 1994b). Studies
of leukocyte cadherin biology and biochemistry have been ham-
pered by the lack of availability of large numbers of cells that
express E-cadherin at high levels and that exhibit E-cadherin-
mediated adhesion. Generation of Langerhans cells-like DC from
fetal murine skin provided a suitable model for these kinds of
studies, as large numbers of FSDDC that displayed E-cadherin-
mediated adhesion could be generated (Jakob et al, 1997; Jakob
and Udey, 1998). Immunoprecipitation of nonionic detergent
FSDDC lysates with anti-E-cadherin MoAb allowed insight into
the association of E-cadherin with cytoplasmic proteins. Using
this approach, we demonstrated that E-cadherin in FSDDC was
associated with all known catenins, suggesting that E-cadherin-
expressing leukocytes might utilize the same mechanisms as epithe-
lial cells in forming intercellular attachments. As previously described
for epithelial cells (Hinck et al, 1994; Shores and Nelson, 1991), a
fraction of total cellular E-cadherin and β-catenin was detected in
the triton-insoluble fraction of the cell lysate, suggesting association
with actin filaments of the cytoskeleton.
Studies of E-cadherin in epithelial cells indicate that cadherins that
mediate high-affinity adhesion accumulate in adherens junctions
(Takeichi, 1990). Classical adherens junctions have been described
in apical regions of lateral membranes of polarized intestinal
epithelial cells as part of the junctional complex consisting of tight
junctions, adherens junctions, and desmosomes (Farquhar and
Palade, 1963; Staehelin, 1974; Geiger et al, 1983). Adherens
junctions that were not associated with junctional complexes have
been described in polarized and nonpolarized epithelia as button-
like structures in areas of close membrane apposition (Drenckhahn
and Franz, 1986; Geiger et al, 1983; Green et al, 1987; O’Keefe
et al, 1987). Ultrastructurally, these adherens junctions differed from
desmosomes in that membrane-associated intracellular plaques were
less electron dense and that plaques associated with microfilaments
rather than intermediate filaments. Using similar criteria, KC
adherens junctions were described initially in vitro (Green et al,
1987; O’Keefe et al, 1987) and more recently also in vivo (Kaiser
et al, 1993). Ultrastructural analysis of cell–cell contacts in FSDDC-
A demonstrated junctional structures with a morphology similar to
adherens junctions described in nonpolarized epithelial cells.
Junctional structures that mediate adhesion between cells (e.g.,
desmosomes and adherens junctions) have distinct morphologies and
contain different transmembrane adhesion molecules and associated
cytoplasmic proteins. β-Catenin, like E-cadherin, is a component
of adherens junctions but not desmosomes, hemidesmosomes, or
focal adhesions (Boller et al, 1985; Cowin and Burke, 1996).
Confocal laser microscopy colocalized E-cadherin and β-catenin
to regions of cell contact in FSDDC aggregates. Immunogold
localization of β-catenin to distinct structures in these same aggreg-
ates supports the concept that E-cadherin/β-catenin-containing
junctions formed by FSDDC subserve the function of adherens
junctions.
Analysis of heterotypic cell–cell adhesion between FSDDC
and KC yielded similar results. FSDDC exhibited multiple focal
accumulations of E-cadherin in areas of contact with KC. E-
cadherin accumulations were found at the end of spike-like cellular
protrusions that stained positive for F-actin, suggesting linkage of
these sites with actin filaments of the cytoskeleton. Finally, E-
cadherin and β-catenin appeared to colocalize in sites of cell–cell
contact and electron microscopy revealed adherens junction-like
structures in areas of contact between FSDDC and KC.
Previous studies demonstrated that E-cadherin is highly expressed
by Langerhans cells and immature Langerhans cells-like DC, and
that activation/maturation leads to a decrease in cell surface E-
cadherin levels (Tang et al, 1993; Schwarzenberger and Udey, 1996;
Jakob et al, 1997; Jakob and Udey, 1998). Formation of junctional
structures between FSDDC and KC was also influenced by the
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Figure 4. b-Catenin, a cytoplasmic protein associated with adherens
junctions in epithelia, is localized to cell junctions (arrows) in
FSDDC. FSDDC aggregates were harvested, fixed, and embedded for
post-embedding immunoelectron microscopy (see Materials and Methods).
(A, B) Immunogold detection of structures reactive with anti-β-catenin
MoAb. (C) Isotype control. Scale bar: 0.1 µm.
maturational stage of FSDDC. Only Langerhans cells-like cells
with an immature phenotype [high intracellular vesicular MHC
class II (Cella et al, 1997; Pierre et al, 1997)] displayed multiple
focal accumulations of E-cadherin (Fig 2C). Interestingly, MHC
class II vesicles in immature FSDDC stained brightly for F-actin,
suggesting that intracellular MHC class II may be associated with
actin filaments. Indeed, association of MHC class II and F-actin
involving the cytoplasmic domain of the MHC class II molecules
has been described in B cell lines (Chia et al, 1994). Cytochalasin
D treatment of FSDDC that inhibits F-actin assembly induced
upregulation of MHC class II surface expression (T. Jakob and
M.C. Udey, unpublished observation), suggesting that, in immature
DC, retention of MHC class II in cytoplasmic vesicles may require
intact actin filaments.
Studies performed with various epithelial tumor cells have
indicated a close link between loss of E-cadherin-mediated adhesion
and increased invasion and metastasis (reviewed in Behrens et al,
1992; Takeichi, 1993). By analogy, we propose that loss of E-
cadherin-mediated adhesion of Langerhans cells to KC is among
the first events in the multistep cascade leading to Langerhans cells
migration from the epidermis to regional lymph nodes. Our
observation that immature, but not mature, FSDDC exhibit focal
accumulations of E-cadherin at sites of contact with KC, suggests
that immature DC, such as Langerhans cells in situ, may form
adherens junctions with KC and that these structures may be
Figure 5. Adherens junctions-like structures in areas of contact
between FSDDC and keratinocytes. FSDDC aggregates were
dissociated into single cells and seeded onto monolayers of primary KC
(see Materials and Methods). After 18 h of coculture, cells were fixed and
embedded for electron microscopy. (A, B) Two fields from independent
experiments showing representative junctions (arrow) in areas of cell–cell
contact between FSDDC (DC) and tonofilament (arrowhead)-containing
keratinocytes (KC). Scale bar: 0.2 µm.
responsible for retention of Langerhans cells in epidermis. Activation
and maturation of Langerhans cells in vitro (Tang et al, 1993) and
in vivo (Schwarzenberger and Udey, 1996) is accompanied by a
reduction of E-cadherin surface expression, and the FSDDC
model for Langerhans cell maturation provided evidence that
downregulation of E-cadherin mRNA and protein expression
results in a loss of E-cadherin-mediated adhesion (Jakob et al, 1997;
Jakob and Udey, 1998). The inability of mature FSDDC to form
junctions with KC is consistent with these findings and supports
our hypothesis that E-cadherin-mediated adhesion is downregulated
during Langerhans cells maturation allowing the Langerhans cells
to detach from KC prior to emigration from epidermis.
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